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(54) cnocoB waroTOB/iEHnyi ro<DPHPo- 

BAHHOrO CTA/lbHOrO n/lACTblPfl 
(57) CytUMOCTb vi3o6peTeHMfi: TepMoo6pa6oTi<y 
nnacTHp« TOKann BWCOKOi* vftcroTU ocyu4ecT- 
enHioT nocne ro(t>pMpoBaMMS, a cwaaoMHuPi 
tnoft H8H0CflT nopTopHO noc/ie ox/ia>KAeHM». 
npeArtaraeMWPi cnoco5 noaeonneT aa c«<eT no- 
smuieHMH nnacTVWHUX cboi^ctb Meran/ia na- 
AexMO o6ecneMMTt. repMeTnaauMio 
p«MOHTMpyeMOro yMacTKa cxBasttMMU. i t36;i. 



HsofipereHvie othocmtcs k o6p36oTKe mc- 
ranna o,s9nm\*eM, a m3Ctho<;th k TexMo/iorMM 
MsroToaneHUH fo<t>pMpOBeMHbix rpyS. 

OcHOBHWMM on«panMHMM B TexHonorMse- 
ctcoM npouecce MsrOTOsneHHa TOHKOcreHnMx 
ro<t)PMpOBaMMWx Tpy6 »B/)fleTcii xonOAHaB Ae- 
<}>opMauMfl. HanpuMep donoMeMwe m nponaxKa 
Tpyb, xMMM»<ecKaR o5pa5oTKa. tepMnnecKaR 
o6pa60TKa A"" ch«tm« ocTaroMMwx Hanp«xe- 
HMf». BOSHMnatoiUMX B pesynbTaTe Ae4>op"a- 

UMM M np04>*1flMPOBaHMfl MBTOAOM HBKaTlCM. 

M38€CT.9H cnoco6 M3roToa/ieHMJ» Tpy6 c 
npoAonbHbiMH ro«t>paMM nyreM AayxSTanMoro 
<j>opMOBaHMn TpyObi-aaroTOBKM. npMMaM Ma 
nepBOM STtine ee ro4>pMpytOT paAWanwHUMU 

yCM/1M»MM. a H8 BTOPOM 3Tane 05MMMaiOT B 
npo4>vi/inpooaHMOv< Bo/ioice. 

Oahsko Boatit^icatoiUMe b peaynbTsre 
c/io>RHO« A<i<!>opManMM ociaTOHHwe nanpHMB- 
HMR He ABioi AoctaTOMMOki nonepCMHOfl npoM- 
HOCTM. M«7ann CTanOBHTCB xpynxMM M 



HenpMroASH a xaMecTae .macTwpa npn pewOH- 
re o6caAHart ko/iohhw a CKeajicuHe. 

Jinn cH«TMa ocTatOMHux Manpjii4ceMMi;i Tpy- 
6w noABCpraioT TepMMM6CKO(^ o6pa6oTKe - ot- 
jtcwry B nesax T*ina nCO-06 m/iw r:.0-09 m 
nonyMCHMS? Ha TpySax oicwCMoCi n/ienicn. ew- 
nonH«»otueM <J)yMK^wn noAwasoHHoro noKpw- 
TM» M o6noAaioiue« AOCTaro^HOM 

nOpMCTOCTbHJ M 8ACOp6anOHMOC^ cnoco6rio- 

CT1.H3 K cwasKe. 

MaBBCTCH TaKJxe cnocoB, npw kotopom 
TOHKOcTeHHNB npo^iM/ibHue TpyBbi npaasT 
pacTHSKdHMeM M pasAa'iew c MarpeeoM »a ancK- 
TpOTfipMMMeCKOM o8opyAoeeHMM. CHaMsna aa- 
rOTOBity Tpy6b( HarpeBaiO"r TOKaMw 
conpOTKDnoMMfl ao TaMnepaxypM OT>KMia. a 
38TeM rtocne ox/iBJ^AeHnji paaaator npn noMO- 
lUM KOHMMecKO** onpaeicM. 

HftflOCTaTOK cnoco6a aaKJiso^aeicfi o tom 
MTonpM HanoKeHMM f»rtacTwp« n3 HeoTo>«c)«<ert- 
Hb*x TDy6 540>«eT .iponcxoflwTb psapue no 
npCK>M/ihHOft oDpa»V»o<Me<^. s npw «ano«<eHv,n 
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n/iacTupa n3 oTox>KenHbix ipy5 c nocne/jyio- 
mwM ro<l>pM:p08aMMeMMo;iKCT r.pOMCxo/iwTbob- 
paaoeaHt^e.MMKpoipeiMMH bo enaA^nax m hs 
BMCTynax npOAO/ibHbix ro<t>p npn jie(}>opMaunn 
MxAO^•^'ll^^^flPM'^ecK0l'l <t>opMw, KorAaeennoT- 
HO npMJKMMatOT (HaKaThiaaKji) aophnpyKimev^ 
conOBKOft K BMyTpeHMei^ noBepxHOCtn odcap,- 
HOfl KO/iOHMW. B pesy/itraie ne o6ecneMMB3- 
ercft Haflti>KHOCTb repMeTwaauwn wa-aa 
HM3K0M n/iBCTHMHOCTvi MCTan/ia rot^pupoeaH- 
Horo n/iacTwpH. 

Ue/ifato n306peTehMS «B/iBeTCfl noaume- 
HM© HafleJKHOcTM repMeTH33UMM o6ca)«eHMOv» 

CKB35KMHW nyrew nOBWlUeHMB nnaCTM^HOCTH 

Meianna nyiacTwpa. 

CyiuHOCTb M3o6peTeHHfl saK/nowaeTM b 
TOM, HTO TepMOo6pa6oTKy TOKawn ebicoKOPi Ma- 
CTOTbi ocyLueCTBn«»OT nocne ro<t>pnpooaHH5i, a 
• aareM noBTopHO HanocBT cwasoMHbii^ cnov\. 

B peaynbTSTe aHaKonepeweMHhix Ae(})Op- 
Tv»aun«, KOTopwM noABeprae-ics Meranna Tpy5 
fipw ro<}>pi/;poeaHMii kaK B npouecce wsroTOB- 
fleHMfl nnacTtjpeCi. TdK m npn pasAa^e a npo- 
uecce ycTaMOBKvi 8 cKHaxuHax. npOMcxoA^T 
aHasMTenbMoe ynpOHHeHwe MeTa/ina. npuMew 
HaM5onbiune aHaneHMB ynpOMHeHviii npuxoA- 
BTCa H3 BnaAHHb' ro<;jpMpOBaHHbix Tpy5. 

MaMerieMne tbcpaocth (Hv) cranw MapKH 
10 npM TepM006pa5oTKe. ro(J>pMpoeaHMn m 
paanane rinacTbipn noitaaaHo b Ta6nMue. 

l/\3Ta6nvmbi bmaho- MiOTBepAOCTb weran- 
na n/iacTbips nocne pas^aMi^ b oOcaAHOrt Tpy- 
68 AOCTuraer HanSoflbuiMx SHaMeHufv. ecnn 
nnacTupb nsroraBnuBanca m3 HerepMOobpa- 
eoTaHHoCi TpySbi. ripM M3fOTOBneHMM nnacTw- 
pei:* H3 npeAsapnTe/ibHO TepMoo6pa6oTaMHbix 
Kpyrnbix ipyO npn ro£})pMpoBaHMM reepAOCTb 
MecKOfibKO cHUJKaeTca no cpaBHeMHK) c Herep- 
MOo6pa5oT3HHbiMn saroioBtcaMW. ho nocne 
p^ma^vi TBCpAocTt. BoapacTaeT oomtm ao toi^ 
xe Be/iMMWHbi. H10 M 6e3 T€pMOo6pa6oTKM. Ho- 
cne repMUMecKOk^ o5pa6oTKn rocj)pvipoBaHMbix 
Tpy6 c HarpeeoM TOKaww bucokom Macroiw 
TBepflocTb MX CHM)4(aeTCH sHasnTe/ibHO. a po- 
ena pasAiitMM ona Mewbuje. mom y HeTepMOo6- 
pa6ofaHHbix. 

B oTJiMMwe OT nciMoro wnn rasoooro Ha- 
rpeaa npn o6pa5oTKe seroTOBKn toksmm buco- 
KOiA sacTOTw nponcxoAMT He3HaHviTe/ibH0e 
M3MerteMv«e (t>opM« ee npo(J>nns, Ha nosepxHo- 
CTM Tpy6w oepasyeicJi tohkmi^ cno« oKanwHbi. 
KOTOpbt^i HeoTcnaneaeTCfi b npouecce Ae<t>op- 
MSUMM - pasfla^M. CMaaoMHbiM cnovi naHocnT- 
CP Ha BHyrpeHMioiO nooepxHOCTb 
oro)K)KeMKb(X npoAonbHo-ro<;>pnpoBaHHbix 
Tpy6 nocne uxox/iajKASHMH. Oh npeAoxpawneT 
BMyrpeHUKDKD noBepxMocTh qt KOpp03non"pro 
paapyiiiertMst e npouecce atccnnyaTauwn m cmm- 
xtCMHB occoux ycM/ii^M B npouecce pa3AaMM 
nnaCTwpei^ 



n p M M c p. An« pCMOnTa oGcaA"OvH ko- 
/lOHMbi flMfiMerpoM H6 mm c to/iihhhoPi CTenKw 
8 MM n/iacTbipb naroTaanHfiam m3 iomkoctch- 
HOM Tpy6bi nuaMCTpOM 130 mm c TonmnHcft 
5 CTBHKH 3 MM 113 CTann mSPkm 10. AnwHa TpySw 
9-n.5M. 

Ha BHyTpeHHioto noaepxHOCTb rpybw Ha- 
HocnT cnoOi fpa<t)i4T0D0M m/ih Apyfow Cmsskm. 
npeAHaanaMCHHOPi Am chmxchmh ycn/iuM ro(})' 
10 pwpoBaHMfl. ro(t3pwp06aHwe MunwHApn^ecKofi 
rpyOb* npon3BOA)»T Ha cnenna/ibHoCi ycTanOB- 
Ke MCpes ponnKoeyio roJiosKy c SHyTpeHHCM 
np0<(>MAbH0ia onpasKOP). nonyMaercn npOAonb- 
HO-ro(t)pMpoBaHMaH Tpy6a c Hapy^KHWM A^»a- 
15 MCTpOM 116mm nMMcnoM ro^ip 6 h/im8. SaieM 
npoM3BOAnTCfl pMXToaica ro<|)pMpoBaMHOM rpy- 
Gbi noc/ie 0Tpe3KM ee na aaaaHHyio f^n^H)/. 

SareM nponsaoAn^CR lepMimecKaR o6p3- 
6oTKa npOAO^i»Ho-ro<t>pMpoQaHHoti rpv6w - 
20 HopMannsauMfl c Harpeeow TOKawn bwcokoC^ 
MacTOTbi Ha ycianOBxe BHT 30/6. Opvi 3T0m 
npoAonbHO-rofppMpOBaHHafl rpyOa ycraHaa- 
nnsaeTcn ropM3oma;ibMO na po/iviKoabix ono- 
pax n c onpeAeneHHOul cxopocTbto 
2S npoABi^''aeTcfl sepea wHAyxTOp. 

OxnawAenne Tpy6bi nponsBOAMTca na 
BOSAyxe. CMaSKS. koTopaa 6bina naHecena ne- 
peA ro<^pnpoBaHneM. europaeT, 

TaK xaK 6 cKoa>KMH8 npM ycTanoBKe nna- 
30 cTbipfl B MHTepaa/ie peMOnia npoMSsOAviTCfl 
pasAa'^a nAactbipn ao xpyr/iovt 4)opMbi m npw- 
>KaTHfi K cieHKeoScaAHOM TpyGu. to npw aiOM 
BOSHHxaiOT 6o/ibUJne KOMTaxTHbie Harpy3Kn 
MejKAy nnacTwpeM m MHcrpyMeHTOM An" paa- 
35 AaMH. /^iH cnn>neHn« stmx Harpyaox na eMyr- 
peHHKjto noBepxHOCTb nnacrwpn HaHOcmCfl 

BTOpHMHO CMaSOMHbIM C/IOti, KOTOpM^I C/iyjKMT 

Kax AHH chVDKeHun ycwnnOi. BOSHnxaiomMx npM 
pasAS'^e nnacTbjpn. lak m Ana npeAOxpaHeHwa 
40 3ToC^ noeepxHOCTM OT KoppoSMOHHaro paapy- 
lueHna e npouecce axcnnyaTauuM 

CoMetaHna repMUMecKOvi o6pa5oTKn nna- 
CTWpeCi nocne roiJipupoBaHMS m HaneceHwe 
cwaaoMMoro c/ios na enyTpeHHtoio noBfewX- 
45 MOCTb nocne TepMWMecKOC* o6pa5oTKi/i no3B0- 
nfltOT noBMCiiTb nnacTUHHOCib Meranna 
nnacTbip oSecncMnTb GnaroAapa aiowy na- 
AexcHocTt. repMeTM3auwM peMOHTupyewo;?! 

CKBa>KHHb). 
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ct> opMyna M3o5peie>- 



Cnoco6 MsroTOBneHMfl ro<^pMpoe^HMoro 
cranbHoro nnacTups, npenMymecTDeHHO An« 
55 peMOHta o6c3>KeH^^oi^ cx83;«iiHbi. BKnio^3>o- 
lUMM TepMOo6p3RoTKy saroToaxM. naHCceHne 
CMasoMHoro c/ioa na BHyipeHHtOHD noeepxMocrb 
saroTOBKn M ee rotijpKpoBaMMe. o i n m a »o lu n vi- 
c q TeM. >rro, c uenbto noBbiiuCHns HaAex^nocTv^ 
repMCtnaauMn o6c<n>KeHHoCi ckb.ixumu n^ieM r.o- 
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BbiiueMMn nnacTMSMocTM Meranna nnacTHps. ocyuAeCT8n«iOT nocjie rO(i>r'^poe3HMfl. a ssTew 
TepMoo6pft6oTt<y votcawn oucoKort vacToru hobtopho hbmocht cM83o<«r.ui^ c/ioPi. 



HCX0AH06 eOCTOH- 

HMe MaTcpnana 



Bea TepMOo6pa- 
60T1CM 



C lepMoofipaBoT- 



Bea TepMooCpe- 
60TKM 



P,o rot^pMpoeaHMfl 



1570 
1350 



1570 



riocne ro4)pMpo- 

BSHMR 



TepMOo6pa6oTics 
nocne ro<>pMpoBa: 
mmh (HOpMannaa- 
UMfl) c HsrpeBOM 

TOKSMM BUCO- 

r.oi\ HacTOTbii 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the fiinction 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also knowTi in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 1 0 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to fiimace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off" during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1 .5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out; normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A. method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 


Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 
heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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